Experimental
GaN and InN films were grown by SA-MOVPE on GaN (0001) bulk substrates, which have hexagonal-shaped selective-areas with diameters of 16 m. The density of threading dislocations in the GaN template was less than 5x10 6 cm -2 . The source gases were NH 3 , trimethylgallium (TMG), and trimethylindium (TMI). Substrate temperatures (T s 's) were approximately 950 and 530-660 o C for GaN and InN, respectively. The surfaces of the GaN films were investigated by optical microscopy, atomic force microscopy (AFM), and Auger electron spectroscopy (AES).
Results and discussion
Figure 1(a) shows an AFM image of the surface of a GaN film grown within a hexagonal-shaped selective-area having no screw-type dislocations. The GaN surface has a wide atomic terrace without any monolayer steps (step-free surface). Then, we deposited InN on the step-free GaN surfaces for a very short time to investigate the nucleation of InN. Partially coalesced two-dimensional (2D) islands were formed on a step-free GaN surface after the simultaneous supply of TMI and NH Longer t D of 10 s, however, resulted in the formation of three-dimensional (3D) dots as shown in Fig. 3(b) . These results indicate that InN grows in the Stranski-Krastanov (S-K) mode at the T s of 530 o C. The morphologies of InN layers are summarized as functions of t D and T s in Fig. 4 . At low T s of around 530 o C, 3D dots appear for t D from 10 to 600 s, while at T s higher than 580 o C, 2D nuclei and step-free surfaces are observed. We confirmed by AES measurements that at 580 o C the InN layers was 3-MLs at the thickest even for the longest t D (300 s), indicating that the growth of InN is self-limited at high T s [3] .
Conclusions
Step-free ultrathin InN layers were successfully formed on step-free GaN surfaces at T s of 620 o C by lateral growth and coalescence of 2D nuclei. At lower T s (530 o C), 2D nucleation was followed by 3D-dot formation by the S-K growth mode. InN layers were 3-MLs at the thickest even for the longest t D (300 s) at 580 o C, indicating the self-limitation of InN growth at higher T s . 
